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Abstract

Cultivating talent with digital literacy and the capacity for sustainable innovation per-
formance is a critical mission of higher education. Merely enhancing digital skills does
not necessarily lead to innovation, and the mechanisms underlying this transformation
remain to be clarified. This study adopts human capital theory as its analytical framework
and constructs a parallel mediation model, focusing on the dual mediation pathways of
proactive social behavior and critical thinking dispositions as “soft skill” mediators. Using
a sample of 18,534 undergraduate students from Chinese research universities, the study
employed a questionnaire survey and analyzed the data using structural equation mod-
eling and the Bootstrap method to examine the relationship between digital literacy and
sustainable innovation performance, as well as the roles of the two mediation pathways.
The results indicate a significant positive correlation between Chinese university students’
digital literacy and their sustainable innovation performance. Proactive social behavior
and critical thinking dispositions exhibit significant mediating effects between the two
variables, forming a dual-path mechanism in which the direct path effect is stronger. The
findings deepen our understanding of how digital literacy relates to sustainable innovation
performance and provide a reference for higher education institutions in cultivating talent
for sustainable innovation.

Keywords: digital literacy; proactive social behavior; critical thinking dispositions;
sustainable innovation performance; Chinese research universities

1. Introduction
In today’s rapidly evolving global environment, innovation has become a decisive

factor in a nation’s economic growth and social progress [1], and interest in sustainable
innovation is growing [2]. Against this backdrop, the role of research universities as
incubators for innovative talent is particularly significant. Higher education institutions
should adapt to the demands of the times and cultivate innovative talent capable of meeting
the needs of the 21st century [3]. Consequently, how to foster sustainable innovation
performance and innovation capabilities among university students has gradually become
a hot topic in higher education research [4].
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In today’s digital age, digital literacy has become one of the key indicators of an
individual’s competitiveness [5]. For college students, digital literacy is not only crucial to
their personal development but also serves as a vital foundation for future career success.
Research indicates that digital information literacy can significantly enhance graduate
students’ innovation performance, inspiring them to engage in more innovative behaviors
and produce greater innovative outcomes [6]. However, the specific mechanisms through
which digital literacy influences college students’ sustainable innovation performance have
not yet been fully explored. Furthermore, proactive social behavior, as a core dimension of
interpersonal skills, constitutes a vital component of an individual’s social capital and di-
rectly influences college students’ ability to effectively utilize digital resources and unleash
their innovative potential in teamwork [7,8]. In the Chinese cultural context, influenced by
Confucian traditions and the inertia of exam-oriented education, interpersonal interactions
place greater emphasis on relationship-oriented approaches and group harmony. This
contrasts significantly with the social models in Western culture, which emphasize direct
expression [9], making the role of this variable in Chinese samples particularly worthy
of attention. Critical thinking dispositions, as the intrinsic motivation and willingness of
individuals to engage in critical thinking, are also effective tools for fostering innovation per-
formance [10]. Cross-cultural studies indicate that Chinese students’ performance in critical
thinking is often constrained by cultural modes of expression rather than by their abilities
themselves [11]. Although Chinese research universities have been continuously advancing
innovation education reforms in their curriculum systems and training models, they remain
in the exploratory stage regarding the systematic cultivation of higher-order cognitive abili-
ties such as critical thinking. Therefore, exploring the mediating roles of proactive social
behavior and critical thinking dispositions in the relationship between college students’
digital literacy and their sustainable innovation performance not only helps reveal the
underlying mechanisms through which digital literacy is transformed into sustainable
innovation performance but also provides an empirical entry point for understanding the
pathways for cultivating soft skills within the context of Chinese higher education.

Although previous studies have begun to examine the relationship between digital
literacy and sustainable innovation performance [12,13], empirical evidence regarding the
mediating mechanisms between the two remains scarce. Existing research has explored
potential pathways through which digital literacy influences innovation performance
from perspectives such as creative self-efficacy and diverse experiences [14], while other
scholars have examined the mediating roles of variables such as hard skills or organiza-
tional learning [15]. However, existing research has largely focused on variables such
as technology acceptance, organizational learning, or hard skills, with insufficient atten-
tion paid to two categories of individual-level soft skills: proactive social behavior and
critical thinking dispositions. Furthermore, most studies have concentrated on a single
mediating variable, failing to reveal the synergistic mechanisms of multiple pathways.
Particularly in the context of Chinese research universities, there remains a lack of system-
atic theoretical frameworks and empirical testing regarding how digital literacy influences
undergraduate students’ sustainable innovation performance through these two types of
“soft skills”—proactive social behavior and critical thinking dispositions.

In light of this, this study focuses on the following three research questions:

RQ1: What is the relationship between college students’ digital literacy and their sustain-
able innovation performance?
RQ2: Do proactive social behavior and critical thinking dispositions mediate the relation-
ship between digital literacy and sustainable innovation performance?
RQ3: How does the identified mediation mechanism contribute to understanding the
development of sustainable innovation performance among university students?
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To address the above questions, this study constructed a structural equation model for
empirical testing based on survey data from 18,534 undergraduate students at 117 research
universities in China. Through this research, we aim to uncover the mechanisms linking
digital literacy to sustainable innovation performance, while incorporating proactive social
behavior and critical thinking dispositions as parallel mediating variables into the analytical
framework. The findings not only contribute to a deeper understanding of the mechanisms
underlying sustainable innovation performance among college students but also provide
empirical evidence for the cultivation of innovative talent in higher education.

The remainder of this paper is organized as follows: Section 2 presents the theoretical
basis and literature review; Section 3 proposes the research hypotheses and conceptual
model; Section 4 describes the research methods and data processing; Section 5 presents the
empirical analysis results; Section 6 discusses the research findings; Section 7 summarizes
the conclusions and discusses the theoretical and practical implications; and Section 8
identifies the study’s limitations and future directions.

2. Theoretical Basis and Literature Review
2.1. Theoretical Basis

Human capital theory was systematically proposed and refined by economists Schultz
and Becker in the 1960s [16,17]. This theory posits that the knowledge and skills that
individuals acquire through education and learning constitute a form of capital capable
of generating sustained economic returns and productivity gains. Education is therefore
regarded as the core pathway for the formation of human capital. As research has deepened,
the scope of human capital has continued to expand. In his latest review, Woessmann
points out that modern human capital should encompass three dimensions: cognitive
skills, personality traits, and social skills; measuring human capital solely by academic
credentials is no longer sufficient to explain differences in individual performance on
complex tasks [18].

The theoretical evolution described above provides a direct theoretical basis for the
core variables of this study. Digital literacy is a new dimension of human capital accu-
mulation in the digital age; it encompasses the ability to access, process, and learn from
information, and constitutes a foundational skill acquired by individuals through education
and practice [19]. Proactive social behavior represents the social component of human
capital; it facilitates knowledge sharing and team collaboration and is an indispensable
soft factor in the innovation process. Critical thinking dispositions, meanwhile, consti-
tute a core component of higher-order cognitive abilities within human capital, enabling
individuals to make independent judgments and engage in deep processing within an
information-overloaded environment. Sustainable innovation performance can be viewed
as the creative output resulting from an individual’s investment in human capital; it mani-
fests both in the cognitive process of innovation thinking and in the practical outcomes of
the transformation of innovative achievements.

From a broader perspective, human capital theory also links the accumulation of
capabilities at the individual level with sustainable development at the societal level.
Research by Lutz et al. indicates that education-driven human capital accumulation
is not only an endogenous driver of economic growth but also a core mechanism for
enhancing societal resilience and achieving sustainable development [20]. This perspective
provides macro-level theoretical support for this study: individual sustainable innovation
performance, as the creative output of human capital investment, serves as a crucial micro-
level foundation for higher education to drive societal sustainable development.

In summary, the human capital theory provides a systematic analytical framework for
this study, bringing digital literacy, proactive social behavior, critical thinking dispositions,
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and sustainable innovation performance into a unified theoretical perspective, thereby
laying the groundwork for further exploration of the intrinsic relationships among these
four factors.

2.2. Literature Review
2.2.1. Sustainable Innovation Performance

Innovation is often defined as creative activities that generate new or unique scientific
knowledge and applications [21,22]. Building on this definition, innovation performance
has traditionally been used to describe the outcomes of technological innovation in enter-
prises [23]. In recent years, with the deepening of the concept of sustainable development,
academia has begun to define sustainable innovation performance as the ability of indi-
viduals or organizations to balance economic, social, and environmental benefits in their
innovation activities [24]. At the individual level, sustainable innovation performance
can be defined as employees’ active contributions to the creation and implementation of
new products, processes, systems, or technologies aimed at reducing negative impacts
on the environment and society [25]. For university students, this concept refers to the
capabilities and outcomes they demonstrate in innovation activities, encompassing not only
innovative thinking and behavior but also the transformation and application of innovative
outcomes. However, existing research has largely focused on sustainable innovation at the
organizational level [26], while studies on the measurement and mechanisms of sustainable
innovation performance at the individual level remain relatively scarce. Research indicates
that the higher education systems in some regions still lag behind in terms of sustainable
innovation performance [27]. Existing research has largely focused on external factors
such as the development of institutional research systems [4] and has relied excessively on
quantitative indicators such as patents and publications [28], making it difficult to capture
the process-oriented characteristics of innovation activities.

2.2.2. Digital Literacy

As a key concept in the new era, research on digital literacy is still in its developmental
stage. Gilster et al. (1997) first introduced the term “digital literacy,” defining it as the key
ability to understand and use complex information presented by computers [29]. They
emphasized that it is not only about learning to retrieve and access online resources, but
also about learning to apply them [29]. In recent years, with the rapid development of in-
formation technology, the definition and scope of digital literacy have continued to expand.
From the early concept of “accessing and applying online resources” [29] to the current
notion of “the ability to navigate fragmented and complex information ecosystems” [30],
digital literacy has gradually become one of the indispensable competencies for social devel-
opment and innovation in the 21st century. Previous international research has suggested
that digital literacy is a component of human capital [5] and is regarded as a key compe-
tency for meeting the demand for innovative talent. At the same time, individual digital
literacy plays a significant role in promoting individual innovation [12]. However, despite
the widespread attention that digital literacy has received in both theory and practice,
existing research still has some shortcomings. First, in terms of research subjects, most of
the existing literature focuses on the relationship between corporate digital transformation
and the innovation performance of enterprises and products [31,32], while research on the
specific group of college students remains relatively scarce. Second, regarding university
students’ digital literacy, while some discussions exist, they mostly focus on its impact on
individual characteristics such as self-efficacy and psychological development [33], as well
as its role in promoting students’ academic entrepreneurship in emerging industries [34].
In contrast, there is relatively little research on how digital literacy facilitates sustainable
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innovation performance through mediating variables (such as proactive social behavior
and critical thinking dispositions).

2.2.3. Proactive Social Behavior

Proactive social behavior is an important subset of interpersonal skills, specifically
referring to an individual’s tendency to initiate interactions in various social contexts [35].
Broadly defined, interpersonal skills emphasize resolving interpersonal issues, manag-
ing conflicts, and responding appropriately to meet an individual’s relational and so-
cial status needs [36,37], and help individuals effectively cope with life’s challenges [38].
Kriegl (2000) emphasizes that in multicultural workplaces, such competencies are consid-
ered more important than industry-specific skills and technical expertise [39]. From the
perspective of college students, interpersonal skills are one of the key competencies that
contemporary students must cultivate during their academic careers; the more developed
these social skills are, the more effectively students can adapt to the demands of different
environments and interlocutors [40].

From a behavioral perspective, existing research has explicitly identified “social ini-
tiation” as one of the core behavioral dimensions of social skills [41]. It should be noted
that proactive social behavior is not synonymous with interpersonal skills in the broad
sense—the latter encompasses multidimensional abilities such as communication quality,
conflict management, empathy, and relationship maintenance, whereas the former focuses
specifically on the initiation phase of social interaction. This behavioral dimension is partic-
ularly crucial for college students in establishing initial connections during teamwork and
interdisciplinary communication [42]. Therefore, the subsequent discussion in this study is
conducted within the scope of this specific definition.

2.2.4. Critical Thinking Dispositions

Critical thinking dispositions refer to an individual’s emotional willingness and in-
trinsic motivation to engage in critical thinking; together with critical thinking skills, they
constitute the two dimensions of critical thinking [43]. The intellectual origins of this
concept can be traced back to Dewey’s “reflective thinking,” which encompasses the dual
elements of a state of skepticism and a belief in seeking empirical evidence [44]. By the
end of the 20th century, a consensus had gradually emerged in the academic community:
critical thinking is composed of both cognitive critical thinking skills and affective critical
thinking dispositions, with the latter encompassing emotional traits such as curiosity and
open-mindedness [45]. However, existing research faces the following issues: first, the
understanding of critical thinking is relatively narrow, treating it as a normative procedural
skill or process while neglecting emotional and behavioral factors; second, it has not fully
considered the new demands placed on critical thinking dispositions in the digital age,
such as students’ ability to critically evaluate and apply information. Therefore, future
research needs to establish a framework for college students’ critical thinking dispositions
that incorporates emotional and attitudinal factors, in order to better help students cope
with the complexities of the digital age and innovation.

2.2.5. Digital Literacy and Sustainable Innovation Performance

In recent years, research on the relationship between digital literacy and sustainable
innovation performance has largely focused on the direct effects of digital literacy, em-
phasizing the foundational role of technical skills in innovation outcomes [46,47]. As
times have evolved, scholars have begun to examine the bridging role of “soft skills” in
the transformation of digital literacy into sustainable innovation performance. For exam-
ple, Gonzalez-Mohino et al. (2023) found through empirical research that digital literacy
indirectly enhances individual innovation capabilities by improving information integra-
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tion efficiency [48], but failed to clarify the mechanisms underlying the roles of multiple
mediating variables.

The theoretical relationship between digital literacy, proactive social behavior, and
critical thinking dispositions warrants further clarification. The communication and col-
laborative sharing skills encompassed by digital literacy provide a practical arena for
online social interaction; this experience can be transferred to offline settings, enhancing
individuals’ confidence in actively expressing themselves and building relationships [49].
Furthermore, the information screening and evaluation required by digital literacy are
themselves applications of critical thinking; individuals continuously strengthen their
critical thinking dispositions through repeated processes of discerning the authenticity
of information. In Chinese research universities, digital learning environments provide
the conditions for this process, but the inertia of exam-oriented education may hinder the
transformation of digital skills into critical reflection.

In summary, research on the mechanisms through which digital literacy influences
sustainable innovation performance has gradually expanded from single-path approaches
to multidimensional mediation models; however, current research still exhibits significant
shortcomings in terms of the comprehensiveness of theoretical frameworks and the depth
of empirical studies.

3. Hypothesis Development and Model Conceptualization
3.1. Digital Literacy and Sustainable Innovation Performance of University Students

As a new dimension of human capital accumulation in the digital age, digital literacy
encompasses multiple competencies, including information collection, processing, and
learning, and provides both a knowledge foundation and a guarantee of efficiency for
innovative activities [19]. Existing research supports this view. Training in digital literacy
skills helps improve college students’ academic performance in innovative learning envi-
ronments [50]. At the same time, digital literacy also has a significant impact on higher
education performance and digital innovation [51]. Kim (2024) stated that digital liter-
acy strengthens the ability of university students to prepare for the future, and that the
higher the digital literacy competence, the higher the ability of potential entrepreneurs to
think creatively and be technologically literate [13]. Based on this, this study makes the
following hypotheses:

Hypothesis H1. Digital literacy of university students positively affects their sustainable innova-
tion performance.

3.2. The Mediating Role of Proactive Social Behavior

The information exchange and collaborative sharing abilities in digital literacy can
be transferred to offline social scenarios, enhancing individuals’ confidence in proactively
building relationships and engaging in communication. Wu et al. (2020), by designing
a socially oriented video game, found that children’s interpersonal skills of perception
improved after an intervention with digital tools [52]. Miroslavov et al. (2015) enhanced
students’ social skills through digital education using information contained on the Inter-
net [49]. Meanwhile, some researchers found through quantitative studies that most of the
respondents believed that digital literacy helps students develop social skills and etiquette
and that digital tools influence their social interactions [53]. Based on the above analyses,
the following hypotheses are proposed in this study:

Hypothesis H2. Digital literacy of university students positively affects their proactive social behavior.
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As a component of social skills within human capital, proactive social behavior facili-
tates the effective exchange of resources and mutual benefit among individuals [54]. For
university students, proactive social behavior is necessary for them to build social networks
and access entrepreneurial resources, and this ability influences their entrepreneurial perfor-
mance to a certain extent [7]. Lin and Suwandej (2023) found through their research that the
social capital of college students has a positive impact on their innovation performance [55].
Furthermore, Amedu and Dulewic (2018) highlighted the importance of interpersonal skills
by emphasizing their positive impact on firm performance [8]. Synthesizing the above
literature analysis, this study makes the following hypothesis:

Hypothesis H3. Proactive social behavior of university students positively affects their sustainable
innovation performance.

According to Zhang et al. (2023), interpersonal skills may be a central structure that
mediates the impact of digital skills and online digital activities [56]. That is, interpersonal
skills may serve both as an indicator of the influence of a factor and as a predictor of
other influences. Proactive social behavior, as a core dimension of interpersonal skills, may
similarly serve as a mediating factor. This suggests that proactive social behavior may
act as a mediating factor between college students’ digital literacy and their sustainable
innovation performance. Based on the validation of H2 and H3, the following hypotheses
are proposed in this study:

Hypothesis H4. Proactive social behavior mediates the relationship between digital literacy and
the sustainable innovation performance of university students.

3.3. The Mediating Role of Critical Thinking Dispositions

The development of educational technology has provided a variety of creative digital
learning tools and resources, making critical and effective learning in the digital age
possible [57]. The ability to filter and evaluate information within digital literacy is itself
a core application of critical thinking. Through the repeated process of discerning the
authenticity of information, individuals continuously strengthen their critical thinking
dispositions. A series of studies have confirmed that learning digital literacy has a strong
impact on the formation of students’ critical thinking [48,58]. Amin et al. (2023) also found
through their study that digital literacy significantly affects students’ critical thinking, while
stating that educators should incorporate the development of students’ digital literacy into
their teaching to improve students’ critical thinking [59]. Based on the above analyses, the
following hypotheses were formulated in this study:

Hypothesis H5. Digital literacy of university students positively affects their critical think-
ing dispositions.

Critical thinking dispositions constitute the higher-order cognitive abilities within
human capital that drive innovation. Pu et al. (2019) found through research on medical
undergraduates that students with stronger critical thinking dispositions learned more
efficiently in problem-based learning [60]. Meanwhile, Patel et al. (2024) further noted that
critical thinking among university students not only had a positive impact on the develop-
ment of their creative skills but also significantly enhanced their creative confidence [10].
The results of this series of studies suggest that critical thinking dispositions may be a key
trait in the improvement of university students’ sustainable innovation performance. Based
on the above analyses, the following hypotheses were proposed in this study:
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Hypothesis H6. The critical thinking dispositions of university students positively affect their
sustainable innovation performance.

According to Gökçe and Güner (2024), university students’ critical thinking disposi-
tions mediate the relationship between students’ cognitive flexibility and their academic
performance [61]. Wang et al. (2024) found that university students’ critical thinking dispo-
sitions play a mediating role between self-efficacy and problem-solving tendencies through
a chained dual mediation model test [62]. It follows that critical thinking dispositions may
also be a central structure. Based on the validation of H5 and H6, the following hypotheses
were proposed in this study:

Hypothesis H7. Critical thinking dispositions mediate the relationship between digital literacy
and the sustainable innovation performance of university students.

Based on the above assumptions, a theoretical model is developed as shown in Figure 1.

 
Figure 1. Framework diagram of the model of university students’ sustainable innovation performance.

4. Materials and Methods
4.1. Sample and Data Collection

The questionnaire uses a five-point Likert scale, with scores ranging from 1 (strongly
disagree) to 5 (strongly agree). The questionnaire design was reviewed by more than
20 experts and scholars in the field of innovation and entrepreneurship education and
underwent pilot testing and revisions at 98 universities to ensure content validity and
practicality. Data were filtered according to the research theme, with a separate sample of
undergraduates from 117 Chinese research universities extracted, resulting in a final valid
sample of 18,534 responses.

First-year undergraduates were excluded from this study because, as new students,
they lack sufficient coursework and on-campus practical experience regarding the issues
covered in the questionnaire—such as digital literacy, sustainable innovation performance,
proactive social behavior, and critical thinking—and may therefore find it difficult to
make accurate judgments. While this exclusion criterion enhances the reliability of the
measurements, it may also result in a sample that is skewed toward upperclassmen in
terms of academic experience, thereby limiting to some extent the generalizability of the
study’s conclusions to the entire undergraduate population (particularly first-year students).
Future research could further examine the model’s stability across grade levels using a
longitudinal sample spanning freshman through senior years. The details of the sample are
shown in Table 1, Figures 2 and 3.
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Table 1. Basic situation of undergraduate students in Chinese research universities.

Characteristic Options Frequency Percent

Gender
Male 8584 46.3%
Female 9950 53.7%

Nation
Han ethnic group 16,329 88.1%
National minority 2205 11.9%

Grade (Undergraduate)

Second grade 9240 49.9%
Third grade 5883 31.7%
Fourth grade 3275 17.7%
Fifth grade 76 0.4%
Sixth grade and above 60 0.3%
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4.2. Variables and Measures
4.2.1. Digital Literacy Scale

Based on Ferrari (2013) et al.’s DIGCOMP framework, digital literacy first covers
the ability to systematically retrieve, filter, and evaluate information (Information & data
literacy) [63], a dimension that is further refined in Hobbs (2017)’s “Access” model, which is
further refined as “information retrieval and tool use” [64]. Second, “reproduction literacy”
proposed by Eshet (2012) emphasizes an individual’s ability to effectively integrate, process,
and reconstruct digital materials from collected information materials [65]. On this basis,
this study further integrates Bawden’s (2008) view that digitally literate individuals need
to maintain a willingness to engage in lifelong learning and a critical awareness of technol-
ogy [66], as well as Heitin’s (2016) view that digital literacy also involves communication
and sharing of digital content [67]. Summarizing the above views, this paper takes “digital
literacy (DL)” as the independent variable and categorizes it into three dimensions: first,
digital information collection competency, which focuses on the efficiency of information
collection and retrieval; second, digital information processing competency, which covers
the proficiency of technological tools and the ability to utilize them; and third, digital
learning competency, which includes self-improvement and the practice of collaboration
and sharing.

4.2.2. Sustainable Innovation Performance Scale

Huang (2017) and others identified the output of research patents as an important
indicator of academic innovation performance of universities [28]. Patents and related
research technologies are one of the key elements to measure the degree of innovation
transformation. Lin and Suwandej (2023) pointed out that the innovation performance
of university students can be categorized into two major aspects, namely intrinsic ability
and innovation achievement [55]. Intrinsic ability refers to students’ intrinsic physiological
skills, especially their innovative thinking. Innovation achievement refers to the accu-
mulation and development of students’ innovation skills, which are mainly manifested
in invention patents, applications, and the practice of scientific research technology [55].
Based on this, this paper sets “sustainable innovation performance (SIP)” among college
students as the dependent variable, primarily measuring students’ self-perceived sustain-
able innovation performance. It focuses on the characteristics of innovative thinking and
the commercialization of innovation outcomes at the individual level, dividing them into
two dimensions: one is innovation thinking (IT), and the other is the transformation of in-
novative achievements (TIA). This means that the innovation strength of college students is
not only shown in the germination of ideas but also in how these ideas are transformed into
actual innovation achievements, such as patents, commercialization, and so on. It should be
noted that this scale focuses on behavioral indicators of innovative thinking and outcome
transformation and does not directly include specific items related to environmental or
social dimensions.

4.2.3. Proactive Social Behavior Scale

The ability to take the initiative in connecting with others is a key aspect of an
individual’s proactive social behavior. Klein (2006) and others have also argued that
communication—including active listening, verbal and written expression, self-confidence,
and nonverbal communication—constitutes a higher-order dimension reflecting an indi-
vidual’s proactive social behavior [68]. Based on this, to measure the mediating variable of
“proactive social behavior (PSB),” this study designed three questions—“I can strike up a
conversation with strangers,” “I can introduce myself to new acquaintances,” and “I can
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proactively introduce myself to teachers and elders”—to assess college students’ proactive
social behavior.

4.2.4. Critical Thinking Dispositions Scale

Referring to Facione’s theory (2000), it is argued that critical thinking dispositions con-
sist of seven indicators: analyticity, systematicity, inquisitiveness, maturity, self-confidence,
open-mindedness, and truth-seeking [69]. Later, Sosu (2013) established a scale of critical
thinking dispositions and concluded that one of the important components of critical think-
ing dispositions is the openness of the individual’s mind [70], while several researchers
confirmed the reliability of this scale through exploratory structural equations [71,72].
Further, in conjunction with Quinn et al. (2020), critical thinking dispositions include
self-efficacy, cognitive flexibility, and reflection on one’s behavior and motivation [73].
From this, it can be inferred that critical thinking dispositions are very much focused on the
individual’s emotions and attitudes. Based on this, this paper sets “critical thinking disposi-
tions (CTD)” as the mediating variable and classifies it into four dimensions: metacognition
(MC), flexibility (FLEX), systematicity (SYS), and open-mindedness (OM).

5. Results
5.1. Reliability and Validity Test

In this analysis, reliability was assessed by calculating Cronbach’s alpha for each scale
using SPSS 27.0. The results of the reliability analysis are shown in Table 2. The reliability
coefficients for each dimension ranged from 0.8 to 1, indicating that the scales used in this
study demonstrated excellent internal consistency. The CR values (see Table 3) all exceeded
the 0.7 threshold, indicating good reliability [74].

Table 2. Reliability analysis for each dimension.

Variable Cronbach’s α Coefficient Number of Items

Digital literacy 0.950 9
Digital information collection competency 0.872 3
Digital information processing competency 0.909 3
Digital learning competency 0.917 3
SustainableInnovation performance 0.828 6
Innovation thinking 0.839 3
Transformation of innovative achievements 0.945 3
Critical thinking dispositions 0.965 12
Metacognition 0.936 3
Flexibility 0.891 3
Systematicity 0.890 3
Open-mindedness 0.889 3
Proactive social behavior 0.909 3

To test validity, confirmatory factor analysis was conducted using AMOS 26.0 soft-
ware. The overall model fit of the confirmatory factor analysis model meets the standard,
and the model performs well. Absolute fit indices: RMR = 0.066 (<0.08), RMSEA = 0.050
(<0.08), GFI = 0.929 (>0.9), AGFI = 0.915 (>0.9); Value-Added Fit Indices: CFI = 0.966 (>0.9),
NFI = 0.965 (>0.9), TLI = 0.962 (>0.9), IFI = 0.966 (>0.9); Parsimony fit indices: PGFI = 0.781
(>0.5), PNFI = 0.868 (>0.5). The standardized factor loadings for all items across the scales were
greater than 0.7 and were statistically significant. The convergent validity measure—average
variance extracted (AVE)—is calculated using standardized factor loadings and measurement
error (see Table 3). A value greater than 0.5 indicates good convergent validity [74]. Therefore,
the reliability and validity of the questionnaire’s items are good.
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Table 3. Convergent validity and combined reliability tests for each dimension.

Path Relationship Estimate CR AVE

X3 <--- Digital information collection competency 0.887
0.874 0.698X2 <--- Digital information collection competency 0.771

X1 <--- Digital information collection competency 0.845
X6 <--- Digital information processing competency 0.895

0.912 0.776X5 <--- Digital information processing competency 0.902
X4 <--- Digital information processing competency 0.845
X9 <--- Digital learning competency 0.899

0.917 0.787X8 <--- Digital learning competency 0.885
X7 <--- Digital learning competency 0.878
Y1 <--- Innovation thinking 0.880

0.861 0.677Y2 <--- Innovation thinking 0.883
Y3 <--- Innovation thinking 0.691
Y4 <--- Transformation of innovative achievements 0.926

0.946 0.854Y5 <--- Transformation of innovative achievements 0.966
Y6 <--- Transformation of innovative achievements 0.878
N3 <--- Metacognition 0.914

0.907 0.830N2 <--- Metacognition 0.912
N1 <--- Metacognition 0.908
N6 <--- Flexibility 0.860

0.892 0.733N5 <--- Flexibility 0.860
N4 <--- Flexibility 0.848
N9 <--- Systematicity 0.874

0.891 0.731N8 <--- Systematicity 0.844
N7 <--- Systematicity 0.846
N12 <--- Open-mindedness 0.879

0.889 0.729N11 <--- Open-mindedness 0.831
N10 <--- Open-mindedness 0.850
M1 <--- Proactive social behavior 0.857

0.911 0.773M2 <--- Proactive social behavior 0.912
M3 <--- Proactive social behavior 0.868

In terms of discriminant validity, this study compared the square roots of the average
variance extracted (AVE) for each construct with their correlation coefficients with other
constructs. As shown in Table 4, the square root of the AVE for digital literacy was 0.885,
for sustainable innovation performance was 0.653, for proactive social behavior was 0.879,
and for critical thinking dispositions was 0.903. All of these values were greater than
their correlation coefficients with other constructs (p < 0.001), indicating good discriminant
validity among the four constructs [74].

Table 4. Results of the discriminant validity tests for each dimension.

Digital Literacy Sustainable Innovation
Performance Proactive Social Behavior Critical Thinking

Dispositions

Digital literacy 0.885
Sustainable innovation performance 0.375 *** 0.653
Proactive social behavior 0.452 *** 0.411 *** 0.879
Critical thinking dispositions 0.329 *** 0.359 *** 0.361 *** 0.903

Note: *** indicates p < 0.001; the values on the diagonal are the square roots of the AVE.

Since all data in this study were self-reported, common method bias may be present.
To assess its severity, we first applied Harman’s single-factor test. The results showed
that the first factor, prior to rotation, explained 51.529% of the variance, which is slightly
higher than the 50% threshold. To further test this, this study introduced the more rigorous
common latent factor method [75], adding a common latent factor loaded by all items to
the original confirmatory factor analysis model, and compared the differences in model fit
between the two models. As shown in Table 5, the addition of the common method factor
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did not significantly improve model fit (CFI = 0.636, GFI = 0.450, AGFI = 0.368, NFI = 0.636,
RMSEA = 0.161); therefore, there is no serious issue of common method bias.

Table 5. Model Fit Comparison for Common Method Bias Test.

Model CFI GFI AGFI NFI RMSEA

Original measurement model 0.966 0.929 0.915 0.965 0.050
Model with common method factor 0.636 0.450 0.368 0.636 0.161

5.2. The Relationship Between College Students’ Digital Literacy and Sustainable
Innovation Performance

To gain a deeper understanding of the interrelationships among the variables, this
study employed structural equation modeling (SEM) for path analysis. As shown in
Figure 4, the results indicate a significant positive association between college students’
digital literacy and their sustainable innovation performance (β = 0.23, p < 0.001). This
suggests that, statistically speaking, students with higher levels of digital literacy tend to
report better sustainable innovation performance. Theoretically, this result aligns with Gra-
novetter’s (1973) theory of weak ties, which posits that networks established by individuals
based on their digital literacy reserves may provide them with diverse information, thereby
correlating with sustainable innovation performance [76]. Students with higher digital
literacy may be more adept at screening, analyzing, and utilizing information, thereby
providing a more solid foundation for innovation. Therefore, the research data support
Hypothesis H1. However, the standardized path coefficient is 0.23, which, according to
Cohen’s (1988) definition of effect sizes, falls into the category of a near-moderate effect
size [77]. This suggests that while digital literacy has a stable positive effect on sustainable
innovation performance, its explanatory power is limited when considered in isolation and
requires further mediation through an intermediary pathway.

Figure 4. Model Diagram of the Relationship Between Digital Literacy and Sustainable Innova-
tion Performance.
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Furthermore, the path coefficients in Figure 4 indicate that digital information collec-
tion competency, digital information processing competency, and digital learning compe-
tency all exhibit a positive correlation with digital literacy. Among these, the path coefficient
between digital information collection competency and digital literacy (β = 0.95) is the
largest. Statistically, this may imply that among the multiple facets constituting digital liter-
acy, information collection competency contributes most significantly to its representation.
This could stem from information collection being a prerequisite for subsequent processing
and learning [78]. Similarly, the path coefficients in Figure 4 indicate that metacognition,
flexibility, systematicity, and open-mindedness all exhibit positive correlations with critical
thinking dispositions. Among these, the path coefficient between systematicity and critical
thinking dispositions (β = 0.98) is the largest. This suggests that systematic thinking—the
tendency to process information in an organized manner—may be a core characteristic
defining critical thinking dispositions compared to other dimensions, as it provides the
foundational framework for logical analysis and comprehensive judgment.

5.3. Testing for a Mediating Effect

To further explore the roles of proactive social behavior and critical thinking disposi-
tions in the relationship between digital literacy and sustainable innovation performance,
this study employed the Bootstrap method to test for mediation effects (with 5000 bootstrap
repetitions). The results indicate that proactive social behavior partially mediates the rela-
tionship between digital literacy and sustainable innovation performance, with an indirect
effect of 0.169 (accounting for 30.12% of the total effect) and a 95% confidence interval of
[0.1588, 0.1792], which does not include 0 (Table 6). Similarly, critical thinking dispositions
also partially mediate the relationship between digital literacy and sustainable innovation
performance, with an indirect effect of 0.155 (accounting for 27.54% of the total effect) and
a 95% confidence interval of [0.1426, 0.1669], which does not include 0 (Table 7).

Table 6. Results of the mediation effect test of proactive social behavior.

Parameter Estimate Lower Upper Efficacy as a Percentage of

Indirect effect 0.1690 0.1588 0.1792 30.119%
Direct effect 0.3921 0.3752 0.4088 69.881%
Total effect 0.5611 0.547 0.575

Table 7. Results of the mediation effect test for critical thinking dispositions.

Parameter Estimate Lower Upper Efficacy as a Percentage of

Indirect effect 0.1545 0.1426 0.1669 27.535%
Direct effect 0.4066 0.3868 0.4263 72.465%
Total effect 0.5611 0.547 0.575

5.4. The Mediating Effect of University Students’ Digital Literacy on Their Sustainable Innovation
Performance

As shown in Figure 4, digital literacy exhibits a significant positive correlation with
proactive social behavior (β = 0.68, p < 0.001), and proactive social behavior also shows
a significant positive correlation with sustainable innovation performance (β = 0.13,
p < 0.001). This indicates that, statistically, college students with higher digital literacy
tend to report stronger proactive social behavior. Simultaneously, students with stronger
proactive social behavior typically demonstrate superior sustainable innovation perfor-
mance. Thus, Hypotheses H2 and H3 are empirically supported. This result is consis-
tent with the explanation that digital literacy encompasses not only technical proficiency
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but also multidimensional competencies in information acquisition, communication, and
collaboration—capabilities that enhance students’ social interaction efficiency. Further-
more, proactive social behavior—as crucial “soft skills” in innovation—facilitates team-
work, knowledge sharing, and interdisciplinary exchange, all of which are key drivers
of sustainable innovation performance. Bootstrap mediation analysis (Table 6) further
elucidates the role of proactive social behavior in these relationships. The indirect effect
(effect size = 0.169) accounted for 30.12% of the total effect, reaching statistical significance.
This indicates that the relationship between digital literacy and sustainable innovation
performance is partially mediated by proactive social behavior, supporting the partial medi-
ation hypothesis (H4). This finding suggests a possible explanation that digital literacy may
enhance social capabilities, thereby providing a broader platform for innovative behaviors.

Similarly, the model also indicates significant positive correlations between digital
literacy and critical thinking dispositions (β = 0.72, p < 0.001), as well as between critical
thinking dispositions and sustainable innovation performance (β = 0.71, p < 0.001). This
suggests that college students with higher digital literacy tend to exhibit stronger criti-
cal thinking dispositions, while those with stronger critical thinking dispositions tend to
exhibit higher levels of sustainable innovation performance. Thus, hypotheses H5 and
H6 are empirically supported. This result is consistent with the explanation that digitally
literate students can more efficiently acquire, analyze, and utilize information—skills that
are core components of critical thinking itself. Furthermore, critical thinking dispositions
break mental patterns, providing a cognitive foundation for innovation. As shown in
Table 7, the indirect effect value of digital literacy through critical thinking dispositions is
0.155 (accounting for 27.54% of the total effect) and reaches statistical significance. This
supports the hypothesis (H7) that critical thinking dispositions partially mediate the rela-
tionship between digital literacy and sustainable innovation performance. In summary,
the data suggest that the combination of digital literacy and critical thinking may provide
students with essential knowledge and cognitive tools to navigate complex environments
and achieve innovation.

In summary, both mediating pathways serve as important mechanisms for the transfor-
mation of digital literacy into sustainable innovation performance; however, direct effects
still account for nearly 70% of the total effect. The strong direct effect suggests that digital
literacy may encompass multiple competencies—such as information collection, processing,
and learning—that can be directly applied to innovation activities without requiring full
conversion through soft skills. At the same time, this proportion points to the possibility
that other mediating pathways remain to be explored.

6. Discussion
Based on empirical data from 18,534 undergraduate students at 117 research universi-

ties in China, this study constructed and tested a dual-path mediation model to reveal how
the relationship between digital literacy and sustainable innovation performance is medi-
ated through two pathways: proactive social behavior and critical thinking dispositions.

The findings first confirm a significant positive association between digital literacy and
sustainable innovation performance. The sustainable innovation performance measured in
this study is based on student self-reports, reflecting their perceptions and evaluations of
their own innovative capabilities. Within this measurement framework, the study assesses
innovation-related cognitive and behavioral outcomes within the context of sustainable
innovation, rather than directly evaluating sustainable behavior or sustainable competence
itself. Students with higher levels of digital literacy also tend to report better performance
in sustainable innovation, consistent with findings from previous studies [12,13]. From the
perspective of human capital theory, digital literacy serves as a core competency accumu-
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lated by individuals in the digital age. Higher levels of digital literacy translate to greater
efficiency in information acquisition, processing, and application, thereby providing a more
solid foundation for innovative activities. Furthermore, these findings align with the view
of Kane and Alavi (2007), who state that improvements in information technology can effec-
tively enhance individuals’ organizational learning capabilities [79]. In this study, digital
literacy may have played a similar catalytic role, associated with improved sustainable
innovation performance. However, digital literacy is not inherently beneficial. With the
rapid development of artificial intelligence, scholars have expressed concerns that genera-
tive AI tools such as ChatGPT may undermine the cultivation of critical thinking in higher
education, thereby contributing to an educational crisis [80]. There may also be limiting
factors affecting the impact of digital literacy on sustainable innovation performance; for
example, information overload or technological dependence may undermine its positive
effects. Future research could further explore such nonlinear effects.

A more significant finding of this study is that the relationship between digital literacy
and sustainable innovation performance is not a simple direct effect, but rather is mediated
through two soft skill pathways. On the one hand, digital literacy is indirectly linked to
sustainable innovation performance through its positive association with proactive social
behavior (accounting for 30.12% of the effect), representing a statistically significant medi-
ating effect. Proactive social behavior is a core behavioral dimension of interpersonal skills,
referring to an individual’s tendency to initiate interaction in social situations. This not
only supports the view that interpersonal skills are a key driver of innovation [77], but also
confirms the importance of contemporary college students enhancing their proactive social
behavior [40]. From the perspective of human capital theory, this pathway demonstrates
that the technical capital accumulated through digital literacy is transformed into innova-
tive outputs via social skills—a component of human capital—thereby further validating
the human capital value of social skills in a digital context. In Chinese culture and society,
“relationships” serve not only as emotional bonds but also as critical channels for informa-
tion exchange and resource sharing [81]. Therefore, in a collectivist culture, proactive social
behavior holds greater instrumental value for obtaining the support and feedback necessary
for innovation. This characteristic may help explain why proactive social behavior could be
a key factor constraining students’ sustainable innovation performance. At the same time,
this finding contrasts with the phenomenon in contemporary society, where individuals’
real-world social skills decline due to excessive reliance on the media [82,83], suggesting
the possibility that enhancing digital literacy may help offset the negative effects of new
media and potentially reshape healthy social patterns.

On the other hand, the mediating role played by critical thinking dispositions (account-
ing for 27.54% of the indirect effect) also reached a statistically significant level of mediating
effect, echoing the view held by many researchers that critical thinking dispositions are
equally crucial for contemporary college students [84]. In the Chinese educational context,
this finding warrants particular attention. Influenced by the inertia of exam-oriented edu-
cation, the systematic cultivation of critical thinking in Chinese higher education remains
relatively weak, which may make critical thinking dispositions a key constraint on stu-
dents’ sustainable innovation performance. Research by Petermanec and Šebjan also points
out that in an environment of information overload, students tend to rely on superficial
characteristics rather than in-depth analysis to screen information, leading to insufficient
critical thinking skills [85]. This conclusion is consistent with the findings of this study,
which point to the potential value of strengthening training in critical thinking dispositions
through digital literacy education. From the perspective of human capital theory, critical
thinking dispositions, as a core component of higher-order cognitive abilities, serve as a
key cognitive hub through which the technical capital of digital literacy is transformed into
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innovative output, and their cultivation should become an important direction of human
capital investment in higher education.

Although both mediating pathways were significant, the direct effect accounted for
nearly 70% of the total effect, suggesting that the impact of digital literacy on sustainable
innovation performance is largely achieved through the direct transfer of skills, rather than
relying entirely on the secondary transformation of soft skills. Given limited educational
resources, prioritizing the quality of digital literacy courses may yield more immediate
results. However, the value of indirect pathways should not be overlooked—the proactive
social behavior pathway and the critical thinking dispositions pathway contributed 30.12%
and 27.54% of the indirect effects, respectively, representing substantial practical impact
that cannot be ignored in educational interventions. At the second-order dimension level,
digital information collection competency (β = 0.95) and systematicity (β = 0.98) are the
sub-dimensions that contribute most significantly to their respective constructs. Improving
the efficiency of information retrieval and filtering should be a priority in digital literacy
education, while cultivating habits of systematic thinking should be a core objective of
critical thinking training. In comparing the two mediating pathways, the indirect effect of
the proactive social pathway is slightly higher than that of the critical thinking pathway.
Furthermore, improvements in the former rely more on high-frequency, low-cost daily
practices (such as classroom interactions and group projects), while the latter relies more on
well-designed, in-depth learning interventions (such as case studies and academic writing
training). Higher education institutions can adopt a phased strategy: in the short term, they
can activate the social pathway through digital collaborative learning, while in the long
term, they can systematically integrate critical thinking training to cultivate higher-order
cognitive abilities.

These findings also prompt a reevaluation of current educational policy direc-
tions. Although global education policies generally prioritize investment in technologi-
cal infrastructure—such as hardware procurement and the development of digital plat-
forms [86]—this study indicates that soft skills, including digital literacy, proactive social
behavior, and critical thinking dispositions, are the key to sustainable innovation. This
perspective echoes certain critical viewpoints, as many believe that technological equip-
ment alone cannot directly bring about genuine learning transformation [87]. For example,
some scholars have pointed out that the rapid adoption of technology in education systems
often overlooks the sustainability of teaching [88]. Equating digital literacy with technical
proficiency undermines its potential to cultivate innovation-oriented soft skills, and the
emphasis on individual innovation must also be grounded in social and cognitive abilities.
Furthermore, while the two soft skill pathways serve as important mediating mechanisms,
direct effects still account for nearly 70% of the total effect, suggesting that variables such as
creative self-efficacy and willingness to share knowledge may act as additional alternative
mediators [14], which warrants further investigation in future research.

In summary, the findings of this study support the proposed theoretical model and
all of its hypotheses. These findings provide empirical evidence from the Chinese context
regarding how digital literacy is linked to sustainable innovation performance through
its interaction with key “soft skills.” Given that college students are a key group driving
social innovation and development [89], further exploration of the mechanisms underlying
the cultivation of their innovative capabilities is of great significance for addressing future
challenges. Furthermore, although this study is based on a Chinese sample, its findings
hold reference value for higher education practices in other countries. The dual pathways
through which digital literacy translates into sustainable innovation performance reveal
the complementarity of “hard skills” and “soft skills” within human capital; this core
mechanism is applicable across cultures. However, the relative importance of the two
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mediating pathways may vary across different cultural contexts: in cultures that empha-
size individualism, the effect of the critical thinking dispositions pathway may be more
pronounced; whereas in cultures that emphasize collectivism, the proactive social behavior
pathway may contribute more significantly. Future research could adopt a cross-cultural
comparative design to examine the robustness and variability of this model across different
cultural contexts.

7. Conclusions
7.1. Theoretical Implications

This study makes theoretical contributions to the existing literature in three respects.
First, this study constructs an integrated model of digital literacy, proactive social

behavior, critical thinking dispositions, and sustainable innovation performance, filling a
gap in existing research regarding the mediating mechanisms between digital literacy and
sustainable innovation performance. Empirical results indicate that the model exhibits good
fit, providing a new theoretical perspective for understanding the cultivation of innovation
capabilities among college students in the digital age. It also offers a reference framework
for universities in areas such as curriculum design and teaching methods. For example,
universities can use this framework to design interdisciplinary courses that integrate digital
literacy, interpersonal skills (including proactive social behavior), and critical thinking
dispositions, thereby cultivating top-tier, interdisciplinary innovative talents with stronger
innovation capabilities.

Second, this study breaks away from the traditional innovation research paradigm
dominated by “hard skills” and reveals the critical role of “soft skills” in translating digital
literacy into sustainable innovation performance. Digital literacy is not only directly
linked to sustainable innovation performance but also exerts an indirect influence through
two pathways: proactive social behavior and critical thinking dispositions. This finding
suggests that the widespread adoption of digital tools does not automatically translate
into an innovation advantage; rather, its effectiveness depends on an individual’s ability to
flexibly apply technical skills and transform them into social capital and cognitive judgment.
Current educational policies’ overreliance on technological infrastructure exposes the
limitations of instrumental rationality, and this study calls for a shift in resource allocation
toward the cultivation of soft skills.

Third, this study expands the concept of sustainable innovation performance from
a single quantitative indicator to a two-dimensional framework comprising “innovation
thinking” and “transformation of innovative achievements,” and validates this framework.
This provides an empirically tested alternative approach to measuring sustainable innova-
tion performance, thereby advancing the field’s shift from a results-oriented perspective to
one that emphasizes both process and results.

7.2. Practical Implications

The findings of this study offer three implications for higher education practice.
Regarding the cultivation of digital literacy, digital information collection competency

is a key dimension of digital literacy, with the highest path coefficient among the three
sub-dimensions. This result suggests that universities should prioritize enhancing students’
digital information collection competency as a starting point. By establishing specialized
courses and providing advanced digital tools, universities can help students master efficient
information collection and processing techniques [90,91], while also focusing on stimulating
students’ intrinsic motivation for innovation in digital environments.

In terms of developing proactive social behavior, the focus is on proactive social behav-
ior, which plays a crucial mediating role between digital literacy and sustainable innovation
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performance. Universities should provide students with interactive platforms through
group projects, debates, extracurricular activities, and interdisciplinary collaboration [92],
establish dedicated courses on interpersonal communication [93], and systematically inte-
grate the development of these skills into the curriculum. In teaching practice, students
should be encouraged to share their ideas in class, exchange innovative concepts with
peers, and foster knowledge exchange at the group level [94]. The development of such
collaborative networks not only serves as a catalyst for individual innovation but also lays
the foundation for building sustainable social capital.

Regarding the cultivation of critical thinking dispositions, the path coefficient for “sys-
tematicity” was the highest among the four sub-dimensions. This indicates that systematic
thinking is the key cognitive pathway linking digital literacy to sustainable innovation
performance. As a holistic, structured, and dynamic way of thinking, systematic thinking
helps students analyze and solve problems from a macro perspective, thereby promoting
sustainable development [95]. This way of thinking is crucial for achieving the United
Nations Sustainable Development Goals (SDGs). However, research indicates that current
educational practices do not sufficiently cultivate learners’ systematic critical thinking
skills [96]. Higher education institutions should integrate the cultivation of systematic
thinking into their curricula, guiding students to analyze and solve problems from a macro
perspective through activities such as case discussions, problem-solving, and indepen-
dent research, while also focusing on developing students’ metacognition, flexibility, and
open-mindedness.

8. Limitations and Future Research
This study has certain limitations. First, the use of cross-sectional data limits the ability

to draw causal inferences; although the model reveals significant associations between vari-
ables, the direction of causality requires further validation through longitudinal studies or
experimental designs. Second, data collection relied primarily on self-report questionnaires,
which may introduce common-method bias; future research could incorporate objective
behavioral data or peer evaluations to more comprehensively reflect students’ actual levels.
In terms of measurement, the three items assessing proactive social behavior focus on an
individual’s initiative in initiating social interactions, but fail to cover broader dimensions
of interpersonal interaction such as conflict resolution, empathetic understanding, and the
quality of collaboration. Future research could employ scales that encompass a wider range
of dimensions to examine the differential roles of various levels of interpersonal skills in the
translation of digital literacy into sustainable innovation performance; the measurement of
critical thinking dispositions selected four core dimensions, and differences in dimensional
selection may lead to variations in results; the measurement of sustainable innovation
performance is based on behavioral indicators of innovative thinking and outcome transfor-
mation, without directly incorporating items related to environmental or social dimensions.
Therefore, this study assesses innovation-related outcomes within a sustainable framework
rather than directly measuring sustainable behavior or capabilities themselves. Future
research could employ scales covering more dimensions to further validate this model.
Additionally, while the mediating effects of proactive social behavior and critical thinking
dispositions were significant, direct effects still accounted for nearly 70% of the variance,
suggesting that other important mediating variables may not have been included. Finally,
as this study focused on students’ internal capabilities, future research could integrate
external environmental factors to construct a more comprehensive explanatory framework.
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